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ABSTRACT 
So~rlr. results  arc  presented of a cornparison of the Observations of precipitation  catch  in  pairs of standard 8-inch 

gages, one  equipped  with  an  Alter-type  windshield  and  the  other  unshielded. Thc ratios of the catches of snow  vary 
with  the  average  daily  wind  speed. ,4 generalized  wind  spwd-catch  ratio  relationship  based  on  previously  reported 
observations is included. 

concern  since  Heberden 121 found that similar gagcis close 
to eac11 other but tlt different  heights  above the  ground 
gave different  catches. 

Subsequent  investigators  have  demonstrated  that  the 
gage  performs its task less and less efficiently :IS the wind 
speed  increases. In tlddition, a t  anlv given  wind speed, 
the  deficiency of catch  increases greatly from the casc of 
1wge raindrops  to  that of fine, dry snowfinkes. 

Many  attempts have been made t'o devise protective 
shields  which would eliminate the adverse effect of wind 
on the ctLtcI1. None  has been entirely successful. T11e 
two  most practicd and widely used tire the rigid  shield 
devised by  Nipher [3] or n variant' of it,  and t'he flexible 
one devised by Alter [I] or a variant of it.  The former  is 
of trumpet-shape  with flared  end upward and a t  the level 
of the gage orifice. The  latt'er is of similar  shape but 
consists of loosely hung,  movable  metal  strips.  The 
Alter,  or flexible type, is superior to the rigid type and 
h s  come  int'o  general  use  in the  United  States. Thc 
results of previously  reported  investigations of influence 
of wind  speed on gage cnt'ch  were  surnrnarized and  an 
extensive  bibliography  was  given by Weiss and Wilson [ 5 ] .  

Of those  previously  reported  investigations, only t'wo, 
Long [4] and  Alter [I], compared  direct'ly the cilt'cll of a n  
unshielded  gage  wit,h t'hat of a gage with flexible shield. 
In each of these cases the wind observat'ions were not' a t  
the gage orifice. In the latter case they were seven miles 
away. 

The aim of this  report  is to present the  results of tt 
comparison of the observations of catch of snow i n  four 
pairs of gages,  one of each  pair  equipped  with A flexible 
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FIG[-RE I.--I,ocation of precipitation  stations. 



2. DATA  USED I 1 

The data were obt'uined  from the  RH-4 IVortlleastern 
Lake Michigan  precipit'nt'ion  project', a joint  project  of 
the Corps of Engineers, U.S. Lake  Survey,  and  the U.S. 
Weat>her Bureau.  The  four Michigan  st,atiorls used in 
this  comparison are : Elberttt,  Mackinaw  City,  Marlistique 
Wat'er  Works, and St. James,  Beaver  Island.  Tot,nlizing 
anemomet'ers were illst'alled in Jsnuary 1956. The  ex- 
posures were open with woods no closer than 100 feet, in 
any case.  Beaver  Islarld is in the  northern  part of Lake 
Michigan, and the  other t'hree stat,iorls are on t'he  shore 
of t,he  northeastern  end of the  lake. All four are wit,hin 
a radius of 60 miles. The st'ation  locations are shown on 
the  map of figure 1.  The climat~ological  record  indicates 
that in  this region the  normal  daily  maximum  tempera- 
ture  drops to freezing (32' F.) near the first, of December 
and remains below until near mid-March.  The  normal 
daily  average temperature  drops to freezing by mid- 
November and  remains below to about  t'he first of April. 

The d : h  consist of daily  observations a t  each station 
of maximum and minimum  ternperatmure,  daily  precipita- 
tion  catch  in the  st'andard 8-ineh gage,  daily  precipitation 
catch in an addit.iona1 standard &inch gage equipped  with 
an  Alter-type flexible shield, and the daily  wind  move- 
ment in miles indicated by a totalizing  anemometer. The 
anemometer was mounted  near  the gages with  the  bottom . 
of t'he cups level with  the  gage orifice. 

The data forms were filled out once per day by  thc 
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MONTHLY-AVERAGE WIND SPEED AT GAGE O R I F I C E  (M.P.H.) 

FIGURE 2,"Relation  between  monthly average wind  speed (m.p.11.) 
at gage orifice and  ratio of snow catch  in  unshielded to  shielded 
precipitation gagrs. n a t a  from Fehruary 1956 to  I)ecemhrr 
1958, inclusive. 

ing, the precipitation is almost  cert'ain t'o be snow. For 
those reasons, the  witerion was used that  the  catch was 
assumed to  be snow if it occurred on a day on which t'he 
maximum temperature was  freezing (32" F.) or below. 

The,  observer reported  the  totalizing  anemometer  read- 
ing at the  regular  observation  time.  Thc  daily  wind 
movement is found by subt'racting  the previous  day's 
reading.  This difference divided by 24 gives the average 
hourly wind speed  in rniles per  hour. This method, of 
course, masks the  peak  values of wind speed and incre:rses 
the  scatter of the p1ott)ed points  when  catch  ratio of 1111- 

shielded to sElielded gages is plotted versus  t'he  wind 
speed. For t#his s tud- ,  data used were for the period 
from the  time of inst8allatiorl of the anemometers in 
January 1956 through Decenlbcr 1958. Only  those cases 
were  used for which the catch of the unshielded  gage was 

Table 1 gives the  ratio of the 5-year average  catch ol 
the unsilieltled gage  to  that of the shielded  gage  for the 
four stations mentioned  above  plus  Charlevoix  for the 
period 1954-1958. The  latter  stat'ion  was  not included 
in the rest of the tnrtlysis  because of incornplete  wind clat'a. 

T lw  marked difference in the  ratios for the  part of the 
year when the  temperatures  are below freezing is an in- 
dication of the more  deleterious  influence of wind on the 
unshieldcd gtge catch  in case of snow. I t  is dso a re- 
flection of the improved  catch of snow  when the gage is 
equipped  wit'h the shield. The effect of the shield is less 
prorlounced during  thatt part of the year whcn the pre- 
cipit8atmion is usually rain. 

For  the  four  stthons of this  study, t'he ratios of the 
monthly total urlsllielded gage catch to that of the 
shielded gage for t h e  mont'hs of December,  Januwr>-, 

TABLE 1.-Rafio (i a percent) of unshielded to shielded gage precipitation cntch. Data   , f rom jive stations, 1964-19.58. 
~~ 1 Am. Fell. Mar.  I Apr. >lay .Tunc .luly .&up. Sept. Oct. XTov. ~ Dcc. 
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D A I L Y  AVERAGE WIND SPEED AT  GAGE ORIFICE IM  P H I  

FIGI-RE 3"Plo t  of daily  ratio of urlshielded to shicltic~l gago cittcll 
of snow against  daily  average  wind speed for cases tvhcn shieldctl 
gage  catch 50.10 inch. 

February,  and  March when the precipitation could t w  
considered to  be  nlostly  snow, were plott'ed  versus thc 
monthly  average  wind  speeds.  This  wind speed W'RS 

found by dividing the  monthly anemonxet~er t)ot'als o f  
miles of wind by 24 hours  tinles t>he number ol' days in  
the nlont,ll. The  data  are  plotted in figure 2. T h y  sng- 
gest :x decrease in t,he  rat'io  with incr~asing w i n d  sptwl 
for snow. 

The  plots ol individual day ratios versus (h i l J -  tlvc~wgc. 
wind speed  for those cases \vh(lre the daily t m t c 4 t l l u t l I  

tenlperaturr did 110t~ rxc.eeti 82" F., tttld tile r~t~sllieltlt~tl 
gage cvatcll wtts more ttlarl 0.01 irlch st\()\\- h rgr  s(*itt t e r  
which is probably  partly  due t l o  t'tle varittt)ilitjJ- ol' t I r r  
wind speed. This  variability W L L  \)e obscwrtd iu (dl(> t i a i l > -  
avcrage. 111 uddit,iorl there is tl  1:trge ratio vtwiat'ioll \ v l ~ e t ~  
the vat'ch is small. The  scatter can br reducwl sonwwh:~t 
and the trend  rmde  more  apparent, il' only those ( w w s  : I ~ C  

inrluded  where tjlxe unshielded gage c.at>ch is grwt,tlr* t l l a r l  

0.10 inch. These cases for  all four st'tltions are plot,t'(d i r l  

figure 3. Two of the  points (for Mackinaw  ('ity) lie  far 
horn the general  trend line. Both of these  (uses occurrecl 
during the first winter of record.  When the shields were 
first installed they were placed with their  tops  scvcral 
inches above  the orifice of the gages. I n  September 1956, 
all the shields were lowered to  set  the  tips of the blades 
one-half i r d 1  above  the gage orifice. 

To  delineate the relat'ionship  further, mean values for 
the t'ot'al  period a t  each  station  and  the  individual ct1sc:s 
where the daily  shielded catch  value was 0.50 inch  or 
more are  plott'ed  in figure 4. A curve  drawn to t h e  
points is considered t o  best express t'hc inherent  relation- 
ship bet,ween tjhe  catch rtit'io t tnd  wind speed. 
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4. COMPARISON WITH  PRIOR  WORK 

A generalized  relationship  between  the  rat'io of the 
urlshiclded to  shielded  gage cat'ch of snow and t'he wind 
speed at   the gage orifice is shown in figure 5 .  This  curve 
is based on data given by  the various  investigat'ors  listed 
in  the refercnces of Weiss and Wilson [ 5 ] .  

The  results of this invest'igution  expressing  t'he  catch 
ratio---Wind speed  relation as determined from the 
Michigan  station data, figure 4, show good agreement  with 
the comparable  portion of the  general  relationship  curve 
of figllrc 5 .  
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